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Numerical Study on Flow Resistance Characteristics of Flame
Holder in an Afterburner

CHEN Xiang, WANG Yibo, LIU Yunpeng, YAN Yingwen
(College of Energy and Power, Nanjing University of Aeronautics and Astronautics, Nanjing, China, Post Code: 210016)

Abstract: To reduce wastage of engine thrust and fuel caused by the afterburner flow resistance loss, the
influence of the structural parameter change of flame holders of cavity and strut on the flow field structure
and flow resistance loss was studied by a numerical calculation method which had been verified by experi-
mental data. The effect of the structural parameters of the flame holder on the reflux rate and total pres-
sure recovery coefficient was analyzed. The Mach number at the inlet of the proposed afterburner was
0. 385. The inclined angle range of the cavity flame holder was 40° to 90° with a depth of 37 to 77 mm.
The width range of the strut flame holder was 29 to 41 mm with a trailing edge expansion angle of 0 to
15°. The results show the cavity depth influences the flow field more significantly rather than cavity in-
clined angle. And the total pressure recovery coefficient increases when the cavity depth decreases. With
the decreasing of strut width, the recirculation zone in the afterburner shrinks, while the total pressure re-
covery coefficient increases monotonously. Compared with the central cone recirculation zone, the recir-

culation zones at the tailing edge of the strut and behind the cavity have greater impact on the flow resist-
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ance loss with stronger vortex intensity. The recirculation zone at the tailing edge of strut grows and the

integrated recirculation zone in cavity and central cone shrinks gradually caused by compression, with the

incremental strut flame holder trailing edge expansion angle, which leads to the maximum total pressure

recovery coefficient at expansion angle of about 3.5°.

Key words: afterburner, flame holder, flow resistance characteristics, structural parameters, total pres-

sure recovery coefficient
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Fig. 1 Schematic diagram of integrated

afterburner structure
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Tab. 1 Structural parameters of flame holder in cavity

AR A v/ (°) M IR BE h/mm
40 47
50 47
60 37
60 47
60 57
60 67
60 77
70 47
80 47
90 47
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Fig. 2 Schematic diagram of the rectangular

channel cavity structure
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Fig. 3 Schematic diagram of strut flame holder structure
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Tab. 2 Structural parameters of strut flame holder

SARTEE D/mm - SORBEY KME /(°)  IRHZEL
29 5 0.233
32 5 0.257
35 0 0.281
35 5 0.281
35 8 0.281
35 12 0.281
35 15 0.281
38 5 0.306
38 5 0.330
41 5 0.330
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of integrated afterburner
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Tab. 3 Inlet airflow parameters

FHEA R Ma MR/K TR kges ™!
I HIE 0.218 308 3.93
—RAn ke 0.385 308 4.21
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Fig. 5 Velocity contours and streamlines on central section

between the struts of test sample
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Tab. 4 Total pressure recovery coefficient of test sample

E I R R B e
BERE R o 0.974 1 0.976 3
TR 2E/ % 0 0.23

AT O | R R 3 A RS R A AR R

AR SR SR A R, ik 7B E I R AR A
P

3 HEERESR

3.1 MENERERERFEGE

P 7 SR 48R0 25 AN [ 1M st o By I M
IR A = B S, BT T LA
I M SR ] T M S MRS X, 2%
FEMEE I B — B ER X, RS v B3GR
13t X S A0 A T AR AL

P18 S AN [ 1M fs ATk A 2 oy T ) ) o 32 55
2k, MIEI8 ATLIE Y BR T y =40 oW i TRETIY
6 T T 2l 1 2 8 G O S P BE AL (] it DX R
FUOLE G50 5 RO EEAAHIE

B9 A MR TRl e, Hf, [l
TR R A BT R A L, A9 AT LA
B TE y AEMES TG b B3 R M Y Y (]
iR A NI PN SR Ty 2 A



- 66 - wof B

A N 2024 4F

Ny X o FARBATM, I 10(b) AT bl

mes B [ [ T LTI [ [ [ [ [l
g L -10-5 0 5 10 15202530 3540 45 50 55 60 65 70 75 N .
£ 400 F h WIEIN o KR T,
i
& 300
=
o 1.8 | y=60°
€ 200
0 200 400 600 st
Bh ) 0 B X/mm 8 ’
(a)40° J@
= 121
e m-~ I T | [ [ E
E -10-5 0 5 101520 2530 35 40 45 50 55 60 65 70 75
< 400
= 09 r
i /
& 300
‘E 06 1 1 1 1 1
Gl 200 40 50 60 70 80
0 200 400 600 IHTJ TR JEE h/mm
Ll T\‘EX/ o o e 3
%%‘W mm 0 IR TR R TR B MO
Fig. 9 Reflux rate in cavity with different depths
W /mes™! [ Tl [N | [
E -10-5 0 5 10 1520 2530 35 40 45 50 55 60 65 70 75
E%ﬂi 400
ES —a— y=40°
g 00 1.000 —e—y=50°
(ﬂj —aA— y=60°
200 b v y=T70°
0 200 400 600 %% e y=80°
431 i) 3 B X/ mm & 0.999 — e
(c)80° ﬁ
L s B 998
g -10-5 0 5 10 1520 2530 35 40 45 50 55 60 65 70 75 .
£ 0.997 46
= 400
il
E 300 0 7 1 1 1 1 1
= S 200 400 600 800
© 200 il 37 B X /mm
0 200 400 600 (a) PSR} Ff BE (=47 mm)
B ) 452 B X /mm —a— h=37mm
o 1.000
(d) 90 \‘\ —®— h=47 mm
* —A— h=57 mm
& 7 ﬁﬁébﬁiﬁﬂiﬁfﬁﬁ*ﬁﬁ@'—ﬁﬁﬁ@(k =47 mm) ﬂ? 0.999 | —v— h=67 mm
Fig. 7 Velocity contours and streamlines in NG h=77 mm
- 1l
rectangular channel (% =47 mm) lﬂé 0.998 | /‘Q-\. 0.997 69
2 NS
iz} — R
C o —40° N v A
. 350 =T ;zgga 0.997 | \ .>
—— ~=80° ~
£ 300} S5 e e 099689
]
& 250 099 2(')0 200 660 800
% 200 1) 7 B X/mm
e : 5 (b) IMIFETREE(y=60° )
100 200 300 400
117 37 B X/mm

8 MERMENMEFTEEL (k=47 mm)
Fig. 8 Axial zero velocity lines in rectangular

channel (% =47 mm)

10 ARIMEEHSHETHRERERE
Fig. 10 Total pressure recovery coefficients under

different structural parameters of cavity

MIEL10 FTRLA Y, T MR 5, MR R
JEZ oy XoF M A S 5 A8 LS R B2 3R B 52 R A5/
SN U1 R 3t BEL 488 % 19 2 S O M TR L
1, B R R AR PR E [T A5 K RE A T TR

P10 S A ] i i A 2y 55 AN [) I s TR B2
TEEIRE R BGTEAR . WK 10(a) AT LIE
L BEE y B R o JEA TR, P, AT LA



o557 1

B R, 55 IRk s K re e e e T LR BB 5T - 67 -

SN B, W R ARG ST BEL AR 2K
3.2 ERABRES RIS

AR SCHEBOT RS R R O i 1 iR, Bl
11 (a)H,Z =0 mm # A K 50 ) SR O, Y =
370 mm A Ry ad SHRE ) #kiE . B 11 (b) ST
AT SR AR e VR, et 2 A ) ol o
R MR T, S2 8 T SO K R E A R
Fy AR 38 e A A T T R R SRR T
B A1 X 45 4

Y=370

(a) 1T AR AR TH -

(b) SR W AR
11 BRr8ECETER

Fig. 11 Location diagrams on characteristic sections

K12 9 SRR G KA o =5 o AR S HiR
ST Z =0 mm A 1) A R R (EEZ M

—— D=29 mm

600 | U -

g o D=38 mm

\E —— D=41 mm
;;]1 400 k

e
j% 200 F
0™"200 400 600 800 1000
B ] 3 B X/mm
E12 AEZEEET Z=0 mm BEHEIEE
EEZ%(a=5°)

Fig. 12 Axial zero velocity lines on Z =0 mm cross-section

under different strut widths (@ =5°)

M 12 LA B D R3S SOk da R
SE fr RS I X B R, R, i kb =y
e B (A8 3L T BRI I, SO KRR E s I I B
T i R A BT DI X M — v B Ak A R[]
DA BT b A, ol A [ X A K

13 SARTR AR T8 B T BRI E R 5, 1T
I BE D BN, AR o SRR, A
0.993 5 FEfIF] 0. 988 9, Ptk , 7EPRIE S AR N &R
() BB A2 o5 AR R IM AT AE S5 P (R 2 B SR W T2
T, 0 RN D,

— 88— D=29 mm
1.000 & ——D=32 mm
—A— D=35 mm
b ,§ —v— D=38 mm
ﬁ 0.996 - \ ——D=41 mm
= N 0.993 5
‘ﬁ 0\:*' ——a—u—
E 0 o o 0—0—
;ﬂ@ 0.992 - ‘Q&AﬁA\._:_:_:_
‘\'ﬁ\v—v_v_' B
Qﬁq\
*—o—o—0-
0.988 - 0.988 9
! 1 ! 1
0 400 800 1200 1600
1) B X/mm

B 13 ARXMEETHEEREZRE (a=5°)
Fig. 13 Total pressure recovery coefficient under
different strut widths (@ =5°)

14 S ARS8 EE D =35 mm B[R] S AR 4
PERAE o PREE DM = B SRR, K 14
ATLUE H, BEE o B3R, SOBCKOIa TS E e R 4 [ml
T IXHR B K, SRR S5 M 5 i 4%
T A s e R s RS- < D B R 3707 A
[Fi) R AT Ak g T DX 45 ) A A A A, A5 v A [
UL DX I B — A A8 I 2 g DX i i 0 38—k <7
P P XA DX 454

300

g

E

>~

g 200

:El

By

100

200 400 600
Bl B X/mm
(a) a=5°
400 5

g

£ 300

>~

i

& 200

=

& 00
400 600
B 7 7 B X/mm

(b) a=8°



- 68 - o s b OB 2024 4
400 M 15 AT LU Y B OB S KA o 1Y
5 100 K, AR B H 117 X 96 SR K, 3 L
= KCIER 500, 917 DX RS 88, T B o
200 N e 1 s NSRS
g I, T — oL HE I DX RST 51 R/ I
€ 100 B o HARAL AR 2 P O ok SRR A R 1 T
JEE 7 B A I A A T U
Bl ) 7 . X/ K16 AR IR A KM o Tk
¢) @=12° e . s .
e 2P 0 TR PR 16 B
300 i
£ 100
£ ——32
>~ 200 -\l\. —e—S1
@ 80 | e
= ¢
d 100 _33\_\
i 60
. . i)
200 400 600 = ok
H4160 32 8 X/mm i
) a=15° a0l .
14 FRXRRGT KAETHEESHEE —
SMEHE (D =35 mm) 0 4 8 12 16
Fig. 14 Velocity contours and streamlines under different SRR A a /)
trailing edge expansion angles of struts (D =35 mm) () TR TR
12 —=
K15 4 Y =370 mm 5 Z =0 mm #1517 B 5L —a— UL
B AN G, tof e
— —a=0
a=5 o 8
600 - B 5
~ ———a=15 E 6 /A\‘
550 = I ok — o
= 500 - | —
: T
% 450 0 4 8 12 16
IMEBGY HKAE a/(°)
400 L (b) RS
w0l | E 16 FRXMRSGT kREFHRERE
L SEME R R
G KAYA mm
(a) Y=370 mm &R Fig. 16 Mass flow distribution and reflux rate statistics
700 S in the integrated afterburner under different trailing
e00- a=8°
\g s00 L - g:?g edge expansion angles of struts
400
g 3003 I 16 TT LA HE, o BRI ST 8 i A
200
€ ool 47N 9. 877% HIINEN T 19.799% , 0k % H £ 9
200 400 600 ‘\82)0 1000 1200 vk ZE ST, JEA TN, B o 3
I i, I — o 38X 9 3 5 2l /I

E15 ARZWEZY KAETSEHEMME
FEEL (D =35 mm)
Fig. 15 Axial zero velocity lines on characteristic sections under
different trailing edge expansion angles of struts (D =35 mm)

TG 0 SR ARG A% e 2 1M X 0] 4R 22 48
B0, AR S IR AAE o = 5O BT H B /IME
AR ARG 7K A BE T I ke BRI



557 1 B R, 55 IRk s K re e e e T LR BB 5T - 69 -

FHUNPE 17 P, alLE 2 o o ins] 15°
I, or Sel K I/ BRI R « =5 IR
RKRAH,

1.004
—a— a=0
—e— a=5
1.000 \\ -

b LN —v— a=12°
& 0.996 e asiw
: A\

~—— ——0—0——@—_¢g—
£ 0992 ,S&E—.\.____ 0.9929
]ﬁ, \,\\‘\A—A—A_ A=
= \ \'\V—V—v—v—
0.988 | .-
——o—o¢—o—
0.986 9
0.984 - , . .
0 400 800 1200 1600
Bl A2 B X/mm

17 AEXWEZY KAETHRERERZH
(D =35 mm)
Fig. 17 Total pressure recovery coefficient under
different trailing edge expansion angles

of struts (D =35 mm)

KM Liutex — 5 XA = AR 90 07 w0
Ik 2 N B I S A R A TR 4 2R AN IR 18 B
No M 18 WL Y, Seti kIt e g R 4k m LU &
[T S PR 0 e R 2 A T P T3 X e Ak 1 T
T DX AR IR SR K, {H 2 % BB 3 1 I BEL36 2 32
(S ARG/ 0N BRI T DA N ke =5 N 7 2
SRR ) FE AL R SR KRR E A R 4 DL M)
RS E R BAL

PR BE

Il - u
0 100 200 300 400 500

Wi
B 18 A= NiRiZEHE

Fig. 18 Vortex core structure in afterburner

s, AU RDEEC A Matlab 58 i = 440

SR AR50 56 28 AU I 7 1508 SO MRS RE e 4
SRAT I, SRS AR M 19 Fis

0.994
0.992
AR
2 0.99 \\\\\\\\\3
0.986
0.24
2, 026
\%& 0.28 y

- 10
& 032 0 5 al)
(a) ZYEFRIELR

o -REME

al®)
b) ARBELER

o -4iXHRE

10
5
0 alC)
() HaxtiRzs
19 ZRWRBREREHSHIMNER

Fig. 19 Optimization results of structural parameters of

flame holder of strut

ME19(a) 19(b) ATLIE H, BEKE 25 o
Wi 5 F A BH € LU 35 I B R BRI, B S AR 98 D
/NS PN T BEL A 2R DN 5 Y SR R T KR A «
MO CHEREN 15 i), o Selhna BEAR, e i R 2k
Pkl o 24590 3.5°, W19 c) s, Bt 45
IR EERE B o XTRER R KA N 9 x 1077,
Tt B 3 A i X o Aff T



8 o T

2024 4

4 & B

XNy ke = 1M s et e e 5 SRR R E
SER SO IR BELARE I ) 5% e KL R AT T B Y,
BREILLT S,

(1) TURAUASH A T [M0 s 3k S T 2 R 3k BEL A3
SRR/ IN | 580 111 BEL 48 2 1) 45 ) 2 5 32 2 1)
PRI | SRR 2 2R BB A 0 T 1% 0 /N T 3 ¥
e

(2) Bl SOH 58 BE 9/ 0N , R BE 25 PN 1 T 1XC
SERIE NN , S H R O 2 B 3B B B B4 9 /)N T L
B,

(3) SCHRRGRA M I [l 3 X ki B KT v
VAT B, SCOBR T fla Yo 3 BELF5 2 ) 5 i TR

(4) B SRS 5K 1 BE RIS N, S iR 2 4%
[T DX AR AR T MRS — acs #fE D3 IX A2 31 e 45 34
Wl B R S R R Y sk M 29 3. 5° 1)
R,

SE Lk

(1] RWEIC, ERYE gultn = v B OaE e 2 RE A iR i 5t
[J]. TR FRFIR ,1986(2) :179 - 181.

TAN Haoyuan, WANG Jiahua. A test research for improving the
performance of V-type flameholder used in an afterburner [ J].
Journal of Engineering Thermophysics,1986(2) :179 - 181.

(2] & W, 7T B DEIR AT E IS K ST ],
TR 23R 1982 (1) 189 - 95.

GAO Ge,NING Huang. Theoretical and experimental study in sta-
bility of the barchan dune vortex flame[ J]. Journal of Engineering
Thermophysics,1982(1) :89 —95.

[3] k& IhEE, X . et ke s R R g5k [ 1]
fiizs R EHL,2014,40(2) 124 -30,60.

ZHANG Xiaochun, SUN Yuchao, LIU Tao. Summary of advanced
afterburner design technology[ J]. Aeroengine,2014,40(2) :24 -
30,60.

(4] BBE MR NNAE, % s KU B AMARS R b 3
PRSI T]. i & 3iHL,2012,38(5) .1 -5,17.
LIANG Chunhua, YANG Dongdan, LIU Hongxia , et al. Present and
future development of advanced second burner for aeroengine[ J].
Aeroengine ,2012,38(5) ;1 -5,17.

[5] EEWE,Z GRS ok i M f9 42 1) Sl IR AR 2
BERRHEIIGR [ 1], HEFHR 2023 ,44(8) 1137 - 146.

WANG Yuging, QIN Fei, LIU Zhende, et al. Combustion character-

istics of radial bluff-body flameholder combined with trapped-vortex

[10]

[11]

[12]

[14]

cavity [ J ]. Journal of Propulsion Technology, 2023, 44 (8 ).
137 - 146.
TG BETZE Ak, BT RN SR YNy A be = O SR AT AT
SEBTLI]. fas &R EL,2006,32(1) 35 - 37.
JI Heming, FAN Yujun, YANG Maolin. Feasibility analysis of a
new inner dumped afterburner concept [ J ]. Aeroengine, 2006,
32(1).35-37.
Phe R SHIs e R AR A SO/ IV 5 AR A R 5 BIL
WoE[ ). MR 2022,43(11) 1193 -202.
CHEN Xingliang, JING Tingting, ZHU Shaohua, et al. Coupling
mechanism of strut/cavity combined flame stabilizer[ J]. Journal of
Propulsion Technology,2022,43(11) :193 -202.
ZAEARTNR 4 S AR TR E I 5 SO A 206 %
PRIV A B [ )], %S 3 012 4k, 2012,27 (6)
1347 —1354.
QIN Weilin, HE Xiaomin,JIN Yi, et al. Experimental investigation
on cold flow characteristics of afterburner with cavity/strut hybrid
flameholders [ J ]. Journal of Aerospace Power, 2012,27 (6):
1347 - 1354.
B 9. M5 SO E 46 7 b 3 v 25 3 e MR BF 5
[D]. Fg At BRI A AT R KA ,2013.
CHEN Xiang. An investigation on cold flow characteristic of after-
burner with cavity/strut hybrid flameholders[ D ]. Nanjing: Nanjing
University of Aeronautics and Astronautics,2013.
XIEYE, BRI, B 28, 4 — AL MU SO OB TR E 4R 3T
WK AERER) A 88 [ ], At =S 3 J1 24, 2020, 35 (1)
75 -80.
LIU Yuying,ZHOU Chunyang, XIE Yi, et al. Preliminary experi-
ment on the lean blow-off of an integrated cavity-based strut
flameholder[ J 1. Journal of Aerospace Power, 2020,35 (1) :
75 -80.
CLEMENTS T R, GRAVES C B. Augmentor burner: US patent
5385015[PJ.1995 -01 -31.
N, TR 2RV T, A — Ak Ty be = O SR
BUERFTE ()] U RHAOR 2011,131(4) 71 - 74.
SUN Yuchao, ZHANG Zhixue, LI Jiangning, et al. Design and nu-
merical research of integrated rear frame and afterburner[ J].
Aeronautical Science & Technology,2011,131(4) .71 - 74.
F B AR E R e S BER S [ D] T
B ITK,2019.
JIANG Qin. Numerical study on the cold flow characteristic of the
integrated afterburner[ D]. Xiamen ; Xiamen University ,2019.
A BRIRITH M s, AE NIRRT SR £ B
PERFFE[ )], Wizs & 3HL,2019,45(6) 146 - 50.
ZHU Yun,ZHANG Zheheng, XIE Liang, et al. Study on flow re-
sistance characteristics of typical structure parts of afterburner

[J]. Aeroengine,2019,45(6) :46 - 50.



557 M

B R, 55 IRk s K re e e e T LR BB 5T

<71 -

[15]

[16]

[17]

MR R R IR E BT[] s 3
41,2020,17(6) :31 - 34.

LIN Shuang, WU Rong, ZHENG Ruishu. Integrated design of af-
terburner[ J]. Aerospace Power,2020,17(6) ;31 —34.

AR K, 4, FEIR. A I A SR KA R E A = AR
B T]. fiias 3 1240 ,2017,32(3) 1607 - 613.

ZOU Mi, JIN Jie, WANG Xudong. Three-dimensional large eddy
simulation of strut flame-holder with cavity[ J]. Journal of Aero-
space Power,2017,32(3) :607 —613.

hay 2R S AR T I AR S I A K
Bk R & S MR BE = I E 5 [ ], HE R 2021,
42(2) :319 -326.

[18]

[19]

MA Likun, LI Chaolong,XIA Zhixun,et al. Experimental investi-
gation of solid rocket scramjet combustor with cavity flameholder
[J]. Journal of Propulsion Technology,2021,42(2) ;319 -326.
EMERY J C,HERRIG L J,ERWIN J R, et al. Systematic two-di-
mensional cascade tests of NACA 65-series compressor blades at
low speeds[ R]. NACA-TN-3916,1958.

XA, Liutex — i3 € SRS =R L[] =<8
2284 ,2020,38(3) 1413 —431,478.

LIU Chaoqun. Liutex-third generation of vortex definition and i-
dentification methods [ J ]. Acta Aerodynamica Sinica, 2020,
38(3):413 -431,478.

(B 5 i)

(E#EE 10 ])

[63]

[64]

[65]

KODAMA T,GOKON N, MATSUBARA K, et al. Flux measure-
ment of a new beam-down solar concentrating system in Miyazaki
for demonstration of thermochemical water splitting reactors| J].
Energy Procedia,2014,49 :1990 - 1998.

MATSUBARA K,KAZUMA Y ,SAKURAI A /et al. High-tempera-
ture fluidized receiver for concentrated solar radiation by a beam-
down reflector system[ J]. Energy Procedia,2014,49.447 —456.
BRIONGOS J V,GOMEZ-HERNANDEZ J, GONZALEZ-GOMEZ
P A, et al. Two-phase heat transfer model of a beam-down gas-sol-
id fluidized bed solar particle receiver[ J]. Solar Energy,2018,
171740 -750.

SARKER M R I,MANDAL S,TULY S S. Numerical study on the
influence of vortex flow and recirculating flow into a solid particle

solar receiver| J ]. Renewable Energy,2018,129 .409 —418.

[68]

[69]

[70]

GOMEZ-HERNANDEZ J, GONZALEZ-GOMEZ P A ,SANCHEZ-
GONZALEZ A et al. Integration of a solar linear particle receiver
with a gas turbine [ J ]. AIP Conference Proceedings, 2019,
2126(1) :060004.

GOMEZ-HERNANDEZ J, GONZALEZ-GOMEZ P A NI-SONG T,
et al. Design of a solar linear particle receiver placed at the
ground level [ ] ]. AIP Conference Proceedings,2018,2033(1) :
170005.

SANCHEZ-GONZALEZ A,GOMEZ-HERNANDEZ J. Beam-down
linear Fresnel reflector; BDLFR [ ] ]. Renewable Energy, 2020,
146802 - 815.

KONG W,WANG B,BAEYENS J,et al. Solids mixing in a shal-
low cross-flow bubbling fluidized bed[ J]. Chemical Engineering
Science 2018 ,187 ;213 —222.

(£TH %)



